A new clinical entity is described in which free aortic regurgitation from congenital aortic valve disease caused rupture of the chordae to the anterior leaflet of the mitral valve in 7 men aged 45 to 63years (mean 52 years); 2 of the patients also had rupture of chordae to the posterior leaflet. Comparing these patients with those with ruptured mitral chordae in association with rheumatic heart disease and patients with spontaneous chordal rupture, differences were evident. No patient had a history of rheumatic fever and none had active infection. The typical clinical presentation was of acute mitral regurgitation into a small left atrium, with severe pulmonary oedema which was often resistant to medical treatment. The cause of chordal rupture in these patients was in part the result ofprogressive left ventricular dilatation, of direct trauma to the anterior cusp of the mitral valve, and possibly of a genetic factor. The anatomicalfeatures of both aortic and mitral valves are described, and in 3 histology of the mitral valve was available; 2 had myxomatous degeneration similar to that seen in patients with spontaneous chordal rupture, and in 1 there was degeneration of collagen tissue.
Clinical data rheumatic fever. He had signs of severe aortic and
The clinicaldetails ofthe7patientsaredescre.
mitral regurgitation, with clinical evidence of left
The clmncal details of the 7 patients are described, and right ventricular hypertrophy and left heart
Haemodynamic data, and operative and patho-failure. The chest radiograph showed pronounced logical findings are summarized in the Table. car diomoary oed and *cardiomegaly with pulmonary oedema and the Case 1 electrocardiogram confirmed severe left ventricular hypertrophy and atrial fibrillation.
A man, known to have valvular heart disease since Emergency surgery without cardiac catheterizathe age of 39 years, presented with acute left heart tion was undertaken. The aortic valve was calcified failure at the age of 62. There was no history of and bicuspid, with calcification in the rudimentary A man aged 27 years without a history of rheumatic reaction with alcian blue stain. In the centre of the fever developed acute left ventricular failure. He anterior mitral valve leaflet, thick-walled small was treated medically until the age of 37 years when vessels were identified. In view of the patient's he deteriorated and was admitted to hospital. previous operation, this increased vascularity could Clinically he had severe aortic regurgitation which have been the result of the previous surgical interwas confirmed by aortography. Surgery was advised vention or, secondly, of inflammation such as inbut the patient declined. He was again treated fective endocarditis, but there was no history of this medically but deteriorated progressively. At the age and no vegetations were seen. The pulmonary of 45 years when readmitted the chest radiograph homograft showed some degenerative changes of showed considerable cardiomegaly, with pulmonary collagen tissue and the body of the leaflet was venous congestion, and electrocardiogram confirmed totally devoid of nuclei, but the surfaces were sinus rhythm with left atrial and severe left ventri-covered with fibroblasts. One leaflet (anterior cusp) cular hypertrophy. In view of the earlier haemody-showed recent fibrin superimposition. There was no namic findings, a second cardiac catheterization evidence of infection. The pulmonary autograft was not performed.
showed uniform thickening, together with mild At surgery the aortic valve was bicuspid, calcified, degenerative changes of collagen tissue, and in these and grossly regurgitant. Severe mitral regurgitation areas the nuclei were reduced. The leaflet in the was caused by 2 ruptured chordae to the anterior position of the non-coronary cusp showed total mitral cusp and the annulus was dilated. There was destruction of normal architecture. also a jet lesion on the anterior cusp of the mitral Valve histology is not available. Surgery was initially refused but was undertaken as a matter of urgency 7 months later after a re-Case 7 currence of heart failure with tricuspid regurgitation. The aortic valve was bicuspid with massive A male patient had no rheumatic history but a nodular calcification and fibrosis. It was replaced cardiac murmur was heard during childhood. with a Starr-Edwards prosthesis. The mitral Aortic regurgitation was diagnosed at 41 years and annulus was grossly enlarged with pliable cusps and he presented at the age of 44 years with sudden ruptured chordae at the medial end of both onset of left and right heart failure. He had signs anterior and posterior leaflets; an annuloplasty was of severe aortic and mitral regurgitation. The chest performed with imbrication at the level of the radiograph showed considerable cardiomegaly and ruptured chordae; the valve was subsequently pulmonary venous congestion, and an electrocardiocompetent. The tricuspid ring was also dilated and gram confirmed left and right ventricular and left required an annuloplasty. After the operation severe atrial hypertrophy. Angiography confirmed the neurological complications developed and he died diagnosis. 3*3 cm; regurgitation was the result of cusp attenuation and insufficiency. The mitral ring was also Case 6 grossly dilated with a diameter of about 8 cm; A man developed breathlessness at the age of 37 the valve cusps were thin and attenuated and one years and had an attack of infective endocarditis at chorda to the central part of the anterior cusp was the age of 38 years when heart disease was first ruptured. Both valves were replaced with Starrdiagnosed. He had further attacks of infective Edwards prostheses but the patient died from unendocarditis at 43 and 47 years. He presented at the controllable haemorrhage from the left coronary age of 51 years with evidence of moderate aortic artery. regurgitation, confirmed by aortography and slight Valve histology is not available. mitral regurgitation. Chest radiograph at that time showed mild cardiomegaly with no evidence of left Discussion atrial enlargement, and electrocardiogram confirmed sinus rhythm with moderate left ventricular hyper-The clinical features of acute mitral regurgitation trophy. He resronded initially to medical treatment from ruptured chordae tendineae have been reand was then lost to follow-up for 7 years. He re-viewed recently (Roberts and Perloff, 1972 ; Littler turned at-the age of 58 years; surgery was advised et al., 1973; Sutton et al., 1973) . Some of the points but he refused operation in spite of progressive which help to distinguish it from rheumatic mitral symptoms.
regurgitation with intact chordae are the short Two years later at the age of 60 years he developed history, persistence of sinus rhythm, high left atrial acute left ventricular failure. Chest radiograph pressure caused by a small non-compliant left showed further increase in heart size with pul-atrium (Baxley et al., 1973 ) and the unusual radiamonary oedema, and electrocardiogram confirmed tion of systolic murmurs. Before the syndrome beprogressive left ventricular hypertrophy. Emergency came well recognized it was often mistaken for surgery was undertaken without prior cardiac aortic stenosis because of the radiation of the mitral catheterization.
systolic murmur to the base of the heart The aortic valve, which was congenitally bicuspid, (Osmundson et al., 1958) . This was particularly so was large and 'floppy'. There was minimal calcifica-when the chordae to the posterior mitral cusp were tion, with prolapse of the non-coronary cusp. The involved. When chordae to the anterior cusp were mitral valve was grossly regurgitant because of ruptured the radiation of the murmur was more rupture of the chordae from the medial half of the typical of rheumatic mitral regurgitation. Some anterior cusp. In addition there was a single authors, however, have found that the radiation of ruptured chorda from the posterior cusp. Both the murmur was an unreliable guide to the nature of valves were replaced with Starr-Edwards prostheses. the regurgitation (Sutton et al., 1973; Littler et al., 1973) . A further difficulty arises with the systolic carditis seemed unlikely as the normal architecture, ejection murmur which usually accompanies florid though distorted by thickening, was not destroyed. aortic regurgitation; this may mask the murmur Infective endocarditis also seemed improbable of mitral regurgitation, especially when the latter is because of the absence of recent or healed vegetaconducted to the base.
tions. Histological examination of the 3 mitral Ruptured chordae in association with rheumatic valves available (Cases 1, 2, and 4) showed myxomitral and aortic valve disease with and without matous degeneration together with degenerative infective endocarditis is well recognized (Sanders changes in collagen tissue (Fig.) , the latter being et Shine et al., 1968 ; Gonzalez-Lavin, the only change seen in Case 2. The elastic tissue Lise, and Ross, 1970b) . Other cases with aortic was often fragmented. These histological appearregurgitation have been recorded, but the nature of ances were similar to those described in cases of the valve lesions in these reports was not mentioned spontaneous or idiopathic chordal rupture (Bailey (Barrillon et al., 1967; Manhas et al., 1971) . and Hickam, 1944; Shine et al., 1968; Rupture of mitral chordae associated with severe et al., 1969; Caulfield et al., 1971 ; Caves, Sutton, aortic regurgitation from a congenitally bicuspid and Paneth, 1973) . Similar pathology is probably aortic valve has not previously been reported. responsible for the floppy valve syndrome where Acute mitral regurgitation from chordal rupture from 9 to 20 per cent may develop ruptured chordae frequently presents as unexpected left heart failure. (Read, Thal, and Wendt, 1965; Pomerance, 1969;  This was so in 6 of our 7 patients. Four were in Cooley et al., 1972) . The 'floppy' or 'ballooning' sinus rhythm and 4 had a small left atrium. As left mitral valve is probably responsible for the systolic heart failure in these cases was primarily mecha-click-late systolic murmur syndrome in which nical, the result of ruptured chordae with subse-chordal rupture has also been reported (Goodman quent prolapse of the anterior cusp and a dilated et al., 1974) . mitral annulus, it was not surprising that they failed
The macroscopical appearances of the normal to respond to medical treatment. In 6, surgery was mitral valve have been described in detail by undertaken within 7 months of the onset of symp- Ranganathan et al. (1970) . The anterior leaflet toms. In spite of this, 4 were emergency procedures consists of rough and clear zones, while the posterior and the operative mortality was high; 5 out of the 7 leaflet, like the tricuspid valve, has an additional (70%) died. If the mortality is to be reduced, the basal zone. On average 25 chordae are present, 9 malignant course of mitral regurgitation from are inserted into the anterior leaflet, the majority ruptured chordae must be recognized and surgery into the rough zone, while 14 usually form part of undertaken as soon as the diagnosis is made.
the posterior leaflet. The remaining 2 chordae are All 7 patients had bicuspid aortic valves; 6 were inserted at the commissures (Lam et al., 1970) . thickened and 4 were calcified. One valve was Basically the valve leaflets have two layers. The 'floppy' (Case 6) and aortic regurgitation in this case 'deformed' face which consists of elastic tissue, and was caused by cusp prolapse. Histology was avail-the 'holding face' of collagen tissue. Not infreable on 4 of the aortic valves, one showed myxo-quently, an additional zone can be identified matous degeneration (Case 1), while in another between these two layers, the so-called zona (Case 2) there were degenerative changes in the spongiosa (Gross and Kugel, 1931) . When myxocollagen tissue. In the remaining 2, non-specific matous degeneration is prominent, it is in a central fibrosis and calcification were found. position, so that it suggests an increase in the zona In 5 cases rupture of mitral chordae was confined spongiosa. Frequently, however, degenerative to the anterior leaflet; in the remaining 2, chordae to changes in collagen tissue are also present. It may both anterior and posterior cusps were involved. be that a prominent zona spongiosa is a genetically Five patients had considerable dilatation of the determined component which, in some cases, mitral annulus and in 2 there was excessive cusp degenerates in later life, giving rise to the 'floppy tissue involving both leaflets in one and the posterior valve' syndrome. cusp in the other. There was no evidence in our Caulfield et al. (1971) considered myxomatous patients that chordal rupture was caused by the degeneration to be enzymatic destruction of normal more common aetiologies of rheumatic fever or collagenous and elastic structure. The same infective endocarditis, except possibly in Case 6 authors noted the presence of blood vessels in where there was a history of bacterial endocarditis. normal chordae but reported fewer in degenerated In Case 4 the anterior leaflet of the mitral valve zones. There is increasing evidence that ischaemia, showed increased vascularity with thick walled which is known to cause papillary muscle dysfuncvessels, which was thought to be caused by the tion and rupture, is also a factor in chordal rupture previous mitral annuloplasty. Rheumatic endo-(Sanders et al., 1967; Barrillon et al., 1967; Aranda et al., 1975) . It is ever cause altered the normal lie of chordae, in generally agreed that in the physiological state it is which they are parallel to the inflow tract, thus the chordae to the anterior leaflet which are sub-increasing the stress to which they were subjected. jected to the greater stress (Chiechi, Lees, and Aortic regurgitation not only has this effect by Thompson, 1956 ). So it is somewhat surprising that increasing the diastolic volume, but the regurgitant in cases of spontaneous chordae rupture (i.e. without jet may impinge directly onto the anterior cusp of other obvious pathology) it is usually the posterior the mitral valve causing local trauma to the valve mitral leaflet that is affected (Sanders et al., 1965; leaflet and chordae (Gonzalez-Lavin et al., 1970b Littler et al., 1973; Eisemann, 1973) . ruptured chordae, noted little tension on nylon In addition, Shine et al. (1968) suggested that the threads used when they were exteriorized through rapid recoil of the left ventricle in early diastole the left ventricular wall. Similar views were ex-contributed to the mechanical stress to which the pressed by Salisbury, Cross, and Rieben (1963) who chordae of the anterior mitral leaflet were subfound that stress borne by normal mitral chordae jected. In the 7 patients reported here all factors for diminished after aortic valve opening and before the increasing chordal stress were present; in addition development of peak systolic pressure. Further-there may have been a congenital fault in the mitral more, rupture of normal chordae is not particularly valve tissue. common in conditions such as aortic stenosis where
We consider that this syndrome is a new clinical peak left ventricular pressure may be abnormally entity in which free aortic regurgitation from conhigh.
genital aortic valve disease causes progressive left Pre-existing abnormalities of the left ventricle ventricular dilatation and direct trauma to the anand the mitral valve almost certainly increase terior cusp of the mitral valve. These factors comchordal stress. Edwards and Burchell (1958) 
